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(57) ABSTRACT 

A camera samples an image area that includes an active 
region that encompasses a captured photographed image and 
an extended region. The extended region includes a refer 
enCe object that is ?xed to the camera and is sampled With 
the photographed image. An image of the reference object is 
referenced and used for one or more color calibration 

procedures, such as White balancing, black level calibration, 
and red and blue channel gains. In a multi-Camera Con?gu 
ration, each camera includes a reference object and color 
calibration is performed for each camera to achieve near 
seamless mosaic panoramic images. 

— — - - — — — - — — - — — — — - — — —I- 193 w 

| l ' ° ° ‘:1 CAMERA 
I SYSTEM MEMORY j I 

_ _ — _ _ _ _ _ _ _ 192 

I ‘I (ROM) m 13° 120 F—- —————————————— —--\I 

' 194 : BIOS 133 f I 190 /'195 : MONITOR 
' - — — — — — — — — — PROCESSING CAMERA vIDEO OUTPUT IIQI/ 

UNIT INTERFACE PERIPHERAL I (RAM) u INTERFACE INTERFACE | 
OPERATING 

I SYSTEM m TT ? ] T l PRINTER : l 196 
I APPLICATION ' JSYSTEM BUS I SPEAKERS 
I PROGRAMS Q L 121 I60 \ U . I 197 
' l 

OTHER PROGRAM REMOVABLE 171 
I MODULES 13s NON‘REMOVABLE NON-VOL. USER NETWORK 
I —— NON-vOL. MEMORY MEMORY INPUT INTERFACE 
I INTERFACE INTERFACE | LOCAL AREA 

INTERFACE NETWORK 
‘ \_ | I PROGRAM \_,140 \450 170 I 

DATA 1 7 __ 

I T 
l _ _ _ _ _ _ _ _ __ ___ ___ ____ 

K / \ 151 155 WIDE AREA NETWORK 
11o / \ 

/ 141 \ 
/ / \ 

/ / \ \ REMOTE 

/ ’ \ 152 56 COMPUTER 
/ \ 1 162 

KEYBOARD 180 _ 
OPERATING APPLICATION OTHER PROGRAM PROGRAM 
SYSTEM PROGRAMS MODULES DATA I61 REMOTE / 

M @ m U MOUSE APPLICATION / 181 
] PROGRAMS Q ' 

100 ' 



Patent Application Publication Mar. 3, 2005 Sheet 1 0f 5 US 2005/0046703 A1 

oow 

w 



Patent Application Publication Mar. 3, 2005 Sheet 2 0f 5 US 2005/0046703 A1 

PHOTOGRAPHIC DEVICE 
m 

'~ MEMORY - 

PROCESSOR _ 204 SENSORS & _ 2_12 I 
WHITE BALANCE 
M 

LENS POWER MODULE 
M SETTINGS g1_4 

All 

REFERENCE U ER lNTERFA E 
OBJECT S C 

LIGHT SOURCE m 
@ m 

MICROPHONE 
2.22 



Patent Application Publication Mar. 3, 2005 Sheet 3 0f 5 

Extended Region 
Q4. 

Reference 

[3/- Object 
@ 

Active Region 
5% 

310 
- 312 . 

3m Wm 
Fig. 3a 

Extended Region 
M 

Active Region 
3_02 

Fig. 3b 

US 2005/0046703 A1 

Image Area 

Reference 
Object 
3_0§ 

Image Area 
M 



Patent Application Publication Mar. 3, 2005 Sheet 4 0f 5 US 2005/0046703 A1 

406 402 
406 406 

f 400 

404 

Pzg. 4a 

Reference Object 
414 41? 

lnactlve 
Region 

Fig. 4b 



Patent Application Publication Mar. 3, 2005 Sheet 5 0f 5 US 2005/0046703 A1 

502 g 
N SAMPLE IMAGE ) 

504 
No 

Yes 

LOCATE REFERENCE \ 
OBJECT 

ADJUST FOR WHITE 
BALANCING 

C 506 N 

508 N 

510 

512 

_\[ FINE-TUNE MOSAIC ] [Optional] IMAGE 

514 i i . 

N RECORD IMAGE J 

Fig. 5 



US 2005/0046703 A1 

COLOR CALIBRATION IN PHOTOGRAPHIC 
DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/177,315, entitled “A System 
and Method for Camera Color Calibration and Image Stitch 
ing”, ?led Jun. 21, 2002 by the present inventor and assigned 
to Microsoft Corp., the assignee of the present application. 
Said application is hereby incorporated by reference. 

TECHNICAL FIELD 

[0002] The following description relates generally to 
image processing. More particularly, the folloWing descrip 
tion relates to calibration of one or more camera controls. 

BACKGROUND 

[0003] White balance is a camera control that adjusts a 
camera’s color sensitivity to match the prevailing color of 
ambient light. Without calibration, a camera cannot tell the 
difference in color betWeen indoor lighting, a rainy day or a 
bright sunny day. Prior to White balancing, bright daylight 
tends to look blue, incandescent light looks yelloW, and 
?uorescent lighting looks green. The human eye adapts very 
quickly to the color temperature variations in these light 
sources, Which makes the differences nearly imperceptible. 
HoWever, cameras cannot do so. 

[0004] White balancing basically consists of shoWing the 
camera something that should look White and using that as 
a reference point so that all the other colors in the scene Will 
be reproduced accordingly. One technique that photogra 
phers have used to White balance cameras is to manually 
photograph a White card and adjust red and blue gains in the 
camera to recogniZe the card as true White. Another Way of 
adjusting the White balance has been for a camera to detect 
a White region in an image area and then adjust the red and 
blue channel gains according to that region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same become better understood by ref 
erence to the folloWing detailed description, When taken in 
conjunction With the accompanying draWings, Wherein: 

[0006] FIG. 1 is a block diagram depicting an exemplary 
general purpose computing/camera device. 

[0007] FIG. 2 is a block diagram representing an exem 
plary photographic device. 

[0008] FIG. 3a is a representation of an exemplary image 
area having an active region, an extended region and a 
reference object. 

[0009] FIG. 3b is a representation of an exemplary image 
area having an active region, an extended region and a 
multi-color reference object. 

[0010] FIG. 4a is a diagram of an exemplary panoramic 
multi-camera con?guration. 

[0011] FIG. 4b is a diagram of an exemplary inverted 
pyramidal mirror from the multi-camera con?guration. 
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[0012] FIG. 5 is a How diagram of an exemplary process 
for White balancing a photographic image. 

DETAILED DESCRIPTION 

[0013] Without adjustments for various conditions, cam 
eras do not adapt to subtle differences betWeen various types 
of lighting that affect colors of photographed images. A 
camera that depicts a true White object correctly in indoor 
light Will depict the same White object differently if photo 
graphed outdoors in bright sunlight. This difference, if 
unaccounted for, Will result in a photograph of poor color 
quality. 
[0014] To overcome such lighting differences, cameras 
provide for White balancing. White balancing is a camera 
control that adjusts a camera’s color sensitivity to match the 
prevailing color of ambient light. Basically, White balancing 
consists of shoWing the camera something that should look 
White and using that as a reference point so that all the other 
colors in the scene Will be reproduced accordingly. 

[0015] White balancing becomes even more of an issue 
With regard to panoramic cameras that combine several 
images into a single image, or omni-directional camera 
con?gurations that utiliZe more than a single camera. When 
acquiring images for a panoramic image from a single 
camera, the camera can be adjusted to have settings as 
similar as possible for all images acquired. But there can still 
be differences in color betWeen images due to lighting 
factors and other conditions that may change over the course 
of time or When photographing from different angles or 
perspectives. 
[0016] In a multi-camera con?guration, an image mosaic 
or panorama is created by combining an image taken by each 
camera to form a single image. If the White balance of one 
camera differs from the White balance of another camera, 
then discontinuities in the single image Will appear betWeen 
the individual images at locations Where the images are 
“stitched” together. Besides the factors listed above that may 
cause differences in individual images, variations betWeen 
camera components such as Charge Coupled Devices 
(CCD), A/D (Analog to Digital) converters, and the like can 
cause signi?cant image variations betWeen cameras. As a 
result, the mosaic composite image can often exhibit distinct 
edges Where the different input images overlap due to the 
different colors of the images. 

[0017] In the description provided beloW, a camera 
samples an active image region and an extended region. The 
active image region includes the image to be processed. The 
extended region includes a reference object that is detected 
by the camera but does not shoW up in a photographic image 
produced by the camera. The reference object is usually— 
but not necessarily—a shade of White. When White balanc 
ing is desired, the camera is con?gured to perform White 
balancing utiliZing the reference object for reference. 

[0018] In a multi-camera con?guration, White balancing is 
performed for each camera by adjusting red and blue gains 
so that the average red, blue and green pixels in the region 
of the reference object are equal. This achieves a near 
seamless panoramic image. 

[0019] In at least one other implementation, there is over 
lap betWeen the individual images produced in a multi 
camera con?guration. After the previously described White 
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balancing is achieved, the overlapping areas between images 
can be used to ?ne-tune the color balancing as described in 
US. patent application Ser. No. 10/ 177,315, entitled “A 
System and Method for Camera Color Calibration and 
Image Stitching”, ?led Jun. 21, 2002 by the present inventor 
and assigned to Microsoft Corp., the assignee of the present 
application. 
[0020] It is noted that the reference object used for White 
balancing does not necessarily need to be perfectly White. In 
fact, the reference object could be another color, such as 
gray, green, etc. As long as the color of the reference object 
is knoWn and has a good response in each color channel (i.e., 
red or blue Would be a poor choice), the White balancing 
techniques described herein are applicable. 

[0021] Other color adjustments can be made using a 
reference object of a different color. A black reference 
object, for example, can be used to set a black level setting 
in a camera. Red, blue and green reference objects can be 
used to adjust red and blue channel gains in a camera. In one 
or more implementations, multiple reference objects are 
utiliZed for different purposes. For example, a camera may 
include a White reference object for White balancing and a 
black reference object for black level settings. 

[0022] It is noted that, When discussing multiple reference 
objects beloW, such reference also includes a single physical 
object that comprises multiple colors. For example, a refer 
ence object may have distinct sections of color, e.g. White, 
black, red, blue, green, etc. Such a multi-color reference 
object may be referred to as a single reference object or as 
multiple reference objects. 

[0023] Exemplary Operating Environment 

[0024] FIG. 1 is a block diagram depicting a general 
purpose computing/camera device. The computing system 
environment 100 is only one example of a suitable comput 
ing environment and is not intended to suggest any limita 
tion as to the scope of use or functionality of the claimed 
subject matter. Neither should the computing environment 
100 be interpreted as having any dependency or requirement 
relating to any one or combination of components illustrated 
in the exemplary operating environment 100. 

[0025] The described techniques and objects are opera 
tional With numerous other general purpose or special pur 
pose computing system environments or con?gurations. 
Examples of Well knoWn computing systems, environments, 
and/or con?gurations that may be suitable for use include, 
but are not limited to, personal computers, server computers, 
hand-held or laptop devices, multiprocessor systems, micro 
processor-based systems, set top boxes, programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above systems or devices, and the like. 

[0026] The folloWing description may be couched in the 
general context of computer-executable instructions, such as 
program modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. The described 
implementations may also be practiced in distributed com 
puting environments Where tasks are performed by remote 
processing devices that are linked through a communica 
tions netWork. In a distributed computing environment, 
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program modules may be located in both local and remote 
computer storage media including memory storage devices. 

[0027] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory to the processing unit 120. The system 
bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0028] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, ?ash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium Which can be used to store the desired 
information and Which can be accessed by computer 110. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. By Way of example, and not limitation, communi 
cation media includes Wired media such as a Wired netWork 
or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of the any of the above should also be included Within 
the scope of computer readable media. 

[0029] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates operating system 134, applica 
tion programs 135, other program modules 136, and pro 
gram data 137. 
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[0030] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through anon-removable memory interface such as interface 
140, and magnetic disk drive 151 and optical disk drive 155 
are typically connected to the system bus 121 by a remov 
able memory interface, such as interface 150. 

[0031] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 

from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. Auser may enter commands and information into the 
computer 110 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus 121, but may 
be connected by other interface and bus structures, such as 
a parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, Which may be connected through an 
output peripheral interface 195. Of particular signi?cance to 
the present invention, a camera 163 (such as a digital/ 
electronic still or video camera, or ?lm/photographic scan 
ner) capable of capturing a sequence of images 164 can also 
be included as an input device to the personal computer 110. 
Further, While just one camera is depicted, multiple cameras 
could be included as an input device to the personal com 
puter 110. The images 164 from the one or more cameras are 
input into the computer 110 via an appropriate camera 
interface 165. This interface 165 is connected to the system 
bus 121, thereby alloWing the images to be routed to and 
stored in the RAM 132, or one of the other data storage 
devices associated With the computer 110. HoWever, it is 
noted that image data can be input into the computer 110 
from any of the aforementioned computer-readable media as 
Well, Without requiring the use of the camera 163. 
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[0032] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork (LAN) 171 and a Wide 
area netWork 173, but may also include other 
netWorks. Such netWorking environments are commonplace 
in of?ces, enterprise-Wide computer netWorks, intranets and 
the Internet. 

[0033] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
netWorking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160, or other appropriate mechanism. In a netWorked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181. It Will be appreciated that 
the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0034] Exemplary Photographic Device 

[0035] FIG. 2 is a block diagram representing an exem 
plary photographic device 200, Which includes a processor 
202 and memory 204 that stores a White balancing applica 
tion 206 and other applications (not shoWn) such as an 
operating system, a digital photography application or the 
like. The memory 204 stores one or more control settings 
207 for color balancing including red and blue channel 
gains. The exemplary photographic device 200 also includes 
at least one lens 208 and one or more sensor 210. The lens 

208 may include one or more mirrors (not shoWn) as a part 
thereof if required in a particular con?guration. 

[0036] The sensor 210 is con?gured to convert light into 
electrical charges and is similar to image sensors employed 
by most digital cameras. The sensor 210 may be a charge 
coupled device (CCD), Which is a collection of light 
sensitive diodes, called photosites, Which convert photons 
into electrons. Each photosite is sensitive to light—the 
brighter the light that hits a single photosite, the greater the 
electrical charge that Will accumulate at that site. The 
accumulated charge of each cell in the image is read by the 
CCD thereby creating high-quality, loW-noise images. 
Unfortunately, each photosite is colorblind, only keeping 
track of the total intensity of the light that strikes its surface. 
To get a full color image, most sensors use ?ltering to look 
at the light in its three primary colors—red, green and blue 
(RGB) or cyan, magenta and yelloW (CMY). The output of 
the multiple color ?lters are combined to produced realistic 
color images. Adjusting color in an image taken by a digital 
camera is typically accomplished by adjusting brightness, 
contrast and White balance settings. 



US 2005/0046703 A1 

[0037] The exemplary photographic device 200 also 
includes a reference object 212 in accordance With the 
previous description thereof. The reference object 212 is a 
physical piece of White material (or other appropriate color) 
that is located so that it can be detected by the sensor 210. 
When White balancing is performed, the sensed image of the 
reference object 212 is taken into account and a White 
balancing operation is performed based on the reference 
object 212. The reference object 212 and White balancing 
Will be described in greater detail beloW. 

[0038] The exemplary photographic device 200 also 
includes a poWer module 214, a light source 216 and a user 
interface 218. The poWer module 214, may incorporate a 
transformer or one or more batteries that poWer the exem 

plary photographic device 200. The light source 216 may be 
a ?ash or continuous light capable of illuminating a photo 
graphic subject. The user interface 218 may include buttons, 
LEDs (Light Emitting Diodes), LCDs (Liquid Crystal Dis 
plays), displays, touch screen displays, and/or the like to 
alloW a user to interact With settings and controls. 

[0039] The exemplary photographic device 200 may also 
include one or more microphones 220, one or more speakers 
222 and one or more input/output (I/O) units 224, such as a 
netWork interface card (NIC) or a telephonic line—espe 
cially if the photographic device is a video conference type 
camera. 

[0040] The elements shoWn and describe in FIG. 2 and 
their functions are discussed in greater detail beloW, With 
respect to subsequent ?gures. 

[0041] Exemplary Image Area 

[0042] FIG. 3a is a representation of an exemplary image 
area 300 having an active region 302 and an extended region 
304. In the folloWing discussion, continuing reference is 
made to the elements and reference numerals shoWn and 
described in FIG. 2. 

[0043] The image area 300 is an image that is detected by 
the sensor 210 of the exemplary photographic device 200. 
An image ultimately produced by the exemplary photo 
graphic device 200 shoWs only What is detected in the active 
region 302 of the image area 300. The extended region 304, 
While detected by the sensor 210, is not included in a 
produced image. 

[0044] A reference object 306 is located Within the 
extended region 304 so that the reference object 306 can be 
detected by the sensor 210 but not included in an image 
produced by the exemplary photographic device 200. For 
best results, the reference object 306 should comprise an 
area of at least four pixels by four pixels (i.e. sixteen pixels). 
Consequently, the extended region 304 should include an 
area of at least this siZe or larger so that the reference object 
306 is clearly discernable as being distinct from the active 
region 302. In at least one implementation, the reference 
object is no greater in area than six by six (6x6) pixels. 

[0045] White balancing may be performed at prede?ned 
times or upon the actuation of a White balance control (not 
shoWn). Prede?ned times for White balancing may include 
White balancing every feW time segments (seconds, minutes, 
etc.), upon the actuation of a control to capture an image 
(such as movement of a shutter or activation of a shutter 
button), or the like. When White balancing is performed, a 
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White balance setting is set to an optimum level. White 
balancing is performed to keep the color of the reference 
object 306 the same under different illumination conditions. 
To accomplish this, red and blue channel gains are adjusted 
to make average red, blue and green components of the 
reference object 306 equal. 

[0046] FIG. 3b is a representation of the exemplary image 
area 300 shoWn in FIG. 3a. HoWever, the reference object 
306 shoWn in FIG. 3b includes multiple color Zones, each 
having a different color. 

[0047] In particular, the reference object 306 includes a 
White Zone 308, a black Zone 310, a red Zone 312, a blue 
Zone 314 and a green Zone 316. Although four color Zones 
are shoWn in FIG. 3b, it is noted that more or feWer color 
Zones may be utiliZed as described herein. Furthermore, the 
each color Zone may comprise a separate reference object; it 
is not necessary that the color Zones are contiguous. In 
addition, additional colors not shoWn herein may be utiliZed 
for different types of camera calibration. A reference object 
may also comprise a color gradient. 

[0048] The White Zone 308 may be used in accordance 
With the techniques described herein to accomplish White 
balancing. The black Zone 310 may be used as a black level 
calibration reference, and the red Zone 312, blue Zone 314 
and green Zone 316 can be used to adjust red and blue 
channel gains. 

[0049] Any calibration method knoWn in the art may be 
used to calibrate one or more camera settings based on the 

color Zones included in the reference object 306. 

[0050] Exemplary Multi-Camera Con?guration 

[0051] FIG. 4a is a simpli?ed diagram of a multi-camera 
con?guration 400 designed to capture a three hundred and 
sixty degree (360°) panoramic image. In the folloWing 
discussion, continuing reference is made to elements and 
reference numerals shoWn and described in one or more 
previous ?gures. 
[0052] The multi-camera con?guration 400 includes mul 
tiple mirrors 402 and multiple cameras 404. One mirror 402 
corresponds to one camera 404. Each mirror 402 is of an 
inverted pyramidal design and is situated such that the 
camera 404 that corresponds to the mirror 402 can sample an 
image re?ected in the mirror 402. 

[0053] A reference object 406 is situated on each mirror 
402 so that the reference object 406 can be sampled by a 
camera 404 that corresponds to the mirror 402 on Which the 
reference object 406 is located. HoWever, the reference 
object 406 is af?xed to an area of the mirror 402 so that it 
is not included in an image produced by the camera 404 even 
though it is sampled by the camera 404. Such an orientation 
is described in greater detail beloW. 

[0054] The multi-camera con?guration 400 shoWn in FIG. 
4a is a ?ve-camera con?guration that alloWs ?ve cameras 
404 to each capture an image that can be stitched together to 
create a single 360° image. Such a con?guration may be 
used in, for example, a conference room Where several 
persons sitting around a conference table may need to be 
photographed simultaneously. By White balancing each of 
the cameras 404 With reference to the reference objects 406 
(Which are typically the same color but could be different if 
creative video effects are desired), the colors produced by 
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each camera are similar. Thus, When each individual image 
is stitched together to form a panoramic image, the edges of 
each individual image—or seams—are not as apparent as 
they might be if this particular type of White balancing is not 
performed. 
[0055] Exemplary Mirror 

[0056] FIG. 4b is a more detailed diagram of an inverted 
pyramidal mirror 402 shoWn in the multi-camera con?gu 
ration 400 of FIG. 4a. In a multi-camera con?guration that 
utiliZes inverted pyramidal mirrors for capturing images 
from a near-common center of projection, there is a natu 
rally-occurring extended region on each mirror facet on 
Which the reference object may be placed. 

[0057] An active region 410 of the mirror 402 re?ects an 
image that is captured and re-produced by a corresponding 
camera 404 (FIG. 4). An extended region 412 of the mirror 
402 is imaged by the sensor 210 (FIG. 2) but is not 
reproduced in a processed output image. A reference object 
414 is located in the extended region 412 of the mirror 402 
and is used to White balance a camera 404 associated With 
the mirror 402. 

[0058] Although the reference object 414 is shoWn af?xed 
to the mirror 402 in this particular implementation, it is 
noted that the reference object 414 may be used in photo 
graphic devices other than those that use mirrors and the 
reference object 414 may be located anyWhere in proximity 
to a photographic device as long as the reference object 414 
can be imaged by a sensor for use in White balancing. 

[0059] Exemplary Methodological Implementation 
[0060] FIG. 5 is a How diagram 500 of a process for White 
balancing a photographic device. Although the folloWing 
discussion deals speci?cally With a multi-camera con?gu 
ration, it is noted that the techniques described herein may 
be utiliZed With other con?gurations. In the folloWing dis 
cussion, continuing reference is made to the elements and 
reference numerals shoWn and described in previous ?gures. 

[0061] At step 502, an image is sampled, i.e., the sensor 
210 (FIG. 2) receives input from one or more objects in the 
image area 300 (FIG. 3). The reference object 306 is 
sampled in the extended region 304 of the image area 300. 
When White balancing is desired (“Yes” branch, step 504)— 
such as When a White balance button is actuated or When a 
pre-speci?ed period of time has elapsed—the reference 
object 306 is referenced at step 506 and the White balancing 
module 206 performs a White balancing operation including 
adjustment of various control settings 207 (step 508). Steps 
506 and 508 are skipped When White balancing is not desired 
(“No” branch, step 504). 
[0062] If there is another camera to White balance (“Yes” 
branch, step 510), the process reverts to step 502 and is 
repeated for the other camera. The process is undertaken for 
each camera in a multi-camera con?guration. It is noted that 
steps 502 through 508 can be performed contemporaneously 
in different cameras. HoWever, the process is described here 
as occurring in each camera separately for purposes of the 
present discussion. 

[0063] After White balancing has been completed for each 
camera (“No” branch, step 510), the White balance of a 
mosaic image produced from the separate images may be 
performed at step 512, as described in US. patent applica 
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tion Ser. No. 10/177,315, referenced above. HoWever, this 
step is not required to derive a quality level of White 
balancing. 

[0064] At step 514, the image is recorded, processed 
and/or displayed as a single panoramic image composed 
from one image from each of the multiple cameras. 

[0065] Conclusion 

[0066] While one or more exemplary implementations 
have been illustrated and described, it Will be appreciated 
that various changes can be made therein Without departing 
from the spirit and scope of the claims appended hereto. 

1. A method, comprising: 

sampling an image area having an active region for 
capturing an image and an extended region; and 

executing a White balancing procedure With reference to 
a reference object located in the extended region of the 
image area. 

2. The method as recited in claim 1, Wherein the reference 
object further comprises a White object. 

3. The method as recited in claim 1, Wherein the reference 
object further comprises an area of at least four by four (4x4) 
pixels. 

4. The method as recited in claim 1, Wherein White 
balancing is executed Whenever an interval of a predeter 
mined period has elapsed. 

5. The method as recited in claim 1, further comprising 
activating a White balance actuator to execute the White 
balancing. 

6. The method as recited in claim 1, Wherein the method 
is performed in a camera and the reference object is ?xed to 
the camera. 

7. A camera, comprising: 

one or more sensors con?gured to capture an image from 
an active region of a detected image area; 

a reference object located in an extended region of the 
image area that is not included in the capture image; 
and 

a White balancing module con?gured to execute a White 
balancing operation With reference to the reference 
object. 

8. A photographic device comprising tWo or more cam 
eras as recited in claim 1. 

9. The camera as recited in claim 7, Wherein the reference 
object further comprises a White object. 

10. The camera as recited in claim 7, Wherein the refer 
ence object is ?xed to the camera. 

11. The camera as recited in claim 7, Wherein the refer 
ence object further comprises an area of at least four by four 
(4x4) pixels. 

12. The camera as recited in claim 7, Wherein the White 
balancing module is further con?gured to execute the White 
balancing operation upon activation of a White balance 
actuator. 

13. The camera as recited in claim 7, Wherein the White 
balancing module is further con?gured to execute the White 
balancing operation after a prede?ned time period has 
elapsed. 

14. The camera as recited in claim 7, Wherein the camera 
further comprises a video camera. 
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15. One or more computer-readable media containing 
computer-executable instructions that, When executed on a 
computer, perform the following steps: 

receiving a signal from a sensor, the signal representing an 
image area; 

identifying an image from an active region of the image 
area; 

identifying a reference object from an extended region of 
the image area; and 

executing a White balancing procedure With reference to 
the reference object. 

16. The one or more computer-readable media as recited 
in claim 15, further comprising a step of determining an 
appropriate time to initiate the White balancing procedure. 

17. The one or more computer-readable media as recited 
in claim 15, further comprising processing the image from 
the active region of the image area. 

18. The one or more computer-readable media as recited 
in claim 15, Wherein the reference object further comprises 
a White object. 

19. The one or more computer-readable media as recited 
in claim 15, Wherein the reference object further comprises 
one or more non-White color Zones, and further comprising 
steps of adjusting red and blue channel gains to make color 
components corresponding to the reference object equal. 

20. The one or more computer-readable media as recited 
in claim 15, Wherein the reference object further comprises 
a black Zone, and further comprising the step of adjusting a 
black level With reference to the black Zone of the reference 
object. 

19. A multi-camera photographic device, comprising: 

a plurality of cameras, each camera further comprising a 
reference object that is sampled in an extended region 
of an image area that includes an active region repre 
senting an captured image; and 

Wherein each camera is con?gured to execute a White 
balancing operation With reference to the reference 
object. 

20. The multi-camera photographic device as recited in 
claim 21, Wherein each camera is further con?gured to ?ne 
tune the White balancing operation utiliZing overlapping 
portions of captured images from each camera. 

21. The multi-camera photographic device as recited in 
claim 21, Wherein the reference object is a White object. 

22. The multi-camera photographic device as recited in 
claim 21, Wherein the reference object is ?xed to each 
camera. 

23. A method for use in a multi-camera photographic 
device, comprising: 

for each camera in the multi-camera photographic device, 
White balancing the camera With reference to a corre 
sponding reference object that is sampled by the cam 
era When the camera samples an image but that is not 
included in a processed image. 

24. The method as recited in claim 25, further comprising 
?ne tuning the White balancing betWeen the cameras utiliZ 
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ing overlapping regions of the image areas from the cameras 
to adjust the White balance betWeen the cameras and relative 
to each other. 

25. The method as recited in claim 25, Wherein the 
reference objects are White. 

26. The method as recited in claim 25, Wherein the 
reference objects are non-White. 

27. The method as recited in claim 25, Wherein each 
camera includes a reference object af?xed thereto. 

28. The method as recited in claim 25, Wherein the 
reference objects further comprise an area of at least four by 
four (4x4) pixels. 

31. The method as recited in claim 25, Wherein the 
cameras further comprises video cameras. 

32. The method as recited in claim 25, Wherein the White 
balancing is executed according to a prede?ned schedule. 

33. A method, comprising: 

sampling an image area having an active region for 
capturing an image and an extended region; and 

executing at least one color calibration procedure With 
reference to a reference object located in the extended 
region of the image area. 

34. The method as recited in claim 33, Wherein: 

the reference object further comprises a White color Zone; 
and 

the color calibration procedure further comprises a White 
balancing procedure. 

35. The method as recited in claim 33, Wherein: 

the reference object further comprises a black color Zone; 
and 

the color calibration procedure further comprises a black 
level calibration procedure. 

36. The method as recited in claim 33, Wherein: 

the reference object further comprises a red color Zone; 
and 

the color calibration procedure further comprises a red 
channel gain calibration procedure. 

37. The method as recited in claim 33, Wherein: 

the reference object further comprises a blue color Zone; 
and 

the color calibration procedure further comprises a blue 
channel gain calibration procedure. 

38. The method as recited in claim 33, Wherein: 

the reference object comprises a ?rst color Zone and a 
second color Zone; and 

the at least one color calibration procedure further com 
prises a ?rst color calibration procedure accomplished 
With respect to the ?rst color Zone, and a second color 
calibration procedure accomplished With respect to the 
second color Zone. 


